Abstract. Giant sea anemones serve as important hosts for mutualistic anemonefish on Indo-Pacific coral reefs, but their population dynamics and turnover rates remain largely unknown. We used size-based demographic models to determine recruitment, changes in body size and mortality of bulb-tentacle anemones Entacmaea quadricolor and leathery anemones Heteractis crispa over 2 years on coral reefs in the northern Red Sea, Jordan. Individuals recruited at consistent rates and grew rapidly until they reached ,300-cm 2 tentacle crown surface area, then mostly remained static or shrank. Mortality rate decreased with body size, and the retention of large individuals strongly influenced population size. Individuals of H. crispa were more dynamic than those of E. quadricolor, possibly due to their hosting significantly smaller anemonefish. Both populations were abundant and stable but dynamic in terms of individuals, with estimated turnover times of only ,5 and 3 years for E. quadricolor and H. crispa respectively. We conclude that some giant anemones may be short lived relative to their fish symbionts, and that stasis rates of large individuals disproportionately affect their populations. These results have implications for conservation management strategies of these major cnidarians on coral reefs, and indicate wide variation between species in the population-level effects of mutualistic interactions.
Introduction
Giant sea anemones are conspicuous benthic cnidarians on coral reefs, and serve important ecological roles as hubs of mutualistic networks (Guo et al. 1996; Cantrell et al. 2015) . On Indo-Pacific reefs, 10 species of giant sea anemones form iconic symbioses with 30 species of co-evolved anemonefish (clownfish), as well as with numerous other damselfish and wrasses (some as facultative juvenile associates), shrimp, crabs and endosymbiotic microalgae (Fautin and Allen 1997; Allen et al. 2008 Allen et al. , 2010 , all of which may contribute to and be affected by anemone population dynamics. Some obligate anemone shrimp are cleaners of fish parasites (Chadwick et al. 2008) , with potential flow-on effects on the abundance and diversity of reef fish (Bshary 2003; Grutter et al. 2003) . In addition, giant anemones and clownfish are economically important as components of the international trade of ornamental aquarium organisms (Shuman et al. 2005; Scott et al. 2013; Madduppa et al. 2014 ), leading to unsustainable rates of harvest on some reefs (Roberts and Hawkins 1999; Wabnitz et al. 2003; Jones et al. 2008) .
Tropical sea anemones face many of the same anthropogenic stressors that affect reef-building corals, including potential damage due to intensive diving tourism on reefs (Hawkins and Roberts 1993; Guzner et al. 2010) , rising ocean temperatures that cause cnidarian bleaching (Jones et al. 2008; Hobbs et al. 2013; Hill et al. 2014) , habitat loss (Munday 2004) , nutrient enrichment (Szmant 2002) , chemical pollution (Wielgus et al. 2004) and sedimentation (Rogers 1983) . These stressors make them vulnerable to rapid population changes and even local extinction. Prediction of the effects of these stressors, and thus the appropriate design of species management strategies, hinge on understanding their demography. Their annual cycles of gametogenesis and spawning (Scott and Harrison 2007a , 2007b ) have been examined, as well as short-term growth rates (Porat and Chadwick-Furman 2004; Holbrook and Schmitt 2005; Hattori 2006 ) and the parameters of some experimental populations . However, the comprehensive dynamics of unmanipulated populations have been reported for only one heavily affected reef site (McVay 2015) . A complete analysis of demographic processes in stable populations of these important sea anemones would provide greater understanding of their natural lifespans and rates of individual turnover.
Sea anemones can both shrink and grow. They lack a hard skeleton with growth rings or other indicators for estimation of their individual age from body size, precluding the use of traditional age-based population models (Leslie 1945; Hughes 1984) . Stage-based demographic models that use body size have been used to determine population processes in some stony corals in which age and size also are unlinked due to colony fragmentation and fusion (Hughes and Jackson 1985; Babcock 1991; Vermeij 2006) . This type of model has recently been used to assess demographic processes in large coral reef sea anemones in Florida (O'Reilly and Chadwick 2017) and the Israeli Red Sea (McVay 2015) , revealing rapid population turnover.
Analysis of population processes in clownfish sea anemones involves understanding the effects of their obligate fish residents. Both the number and size of associated fish affect the growth and survival of host anemones (Porat and ChadwickFurman 2004; Holbrook and Schmitt 2005; Frisch et al. 2016) by providing ventilation services (Szczebak et al. 2013) , nutrition (Godinot and Chadwick 2009; Roopin and Chadwick 2009; Cleveland et al. 2011 ) and protection to the host (Godwin and Fautin 1992; Porat and Chadwick-Furman 2004; Frisch et al. 2016) . Two species of giant anemones, namely the bulb-tentacle anemone Entacmaea quadricolor and the leathery anemone Heteractis crispa, host a wide diversity of clownfish (14 and 15 species respectively), and occur over a vast geographic range from the western Pacific Ocean to the Red Sea (Fautin and Allen 1997) . In the northern Red Sea, these two anemones serve as the only hosts of endemic two-band anemonefish Amphiprion bicinctus (Chadwick and Arvedlund 2005) . They present a model system for examining the effects of fish residents on host demography in that adult two-band anemonefish associate mostly with E. quadricolor, whereas juveniles occur mainly in nursery habitat provided by H. crispa (Mitchell and Dill 2005; . Individuals of E. quadricolor appear to be especially dependent upon anemonefish for survival (Porat and Chadwick-Furman 2004; Frisch et al. 2016) . Growth rates of the less-preferred H. crispa may also be reduced by hosting only small fish, because benefits conferred to anemone hosts appear to depend on the body size and number of associated fish (Porat and Chadwick-Furman 2004; Holbrook and Schmitt 2005; Szczebak et al. 2013) . As such, hosting only juvenile fish may cause H. crispa to potentially exhibit smaller maximal body sizes, shorter lifespans and higher turnover rates than E. quadricolor.
Coral reefs at the northern tip of the Red Sea in Jordan represent an ideal location to quantify the dynamics of these clownfish anemones because they contain large and apparently stable populations of both species Dixon et al. 2014) . Reefs in Jordan also support high abundances of stony corals (Kotb et al. 2004) and reef fish including anemonefish (Khalaf and Kochzius 2002) . They are affected by fewer stressors than other nearby coral reef areas (for a review, see McVay 2015) and occur near the northern limits of reef growth (298N), so they experience moderate seawater temperatures with no major recent bleaching events (Environmental Law Institute 1993; Loya 2004; N. E. Chadwick, pers. obs.) .
Herein we describe the population dynamics of E. quadricolor and H. crispa on Jordanian coral reefs over 2 years using a size-based demographic model. We quantify processes of recruitment, growth, stasis, shrinkage and mortality of individuals, and estimate population turnover rates. We then compare their demographic processes in relation to their patterns of hosting anemonefish and provide recommendations for conservation management.
Materials and methods

Study site and field surveys
The present study was conducted during 2008-10 adjacent to the Marine Science Station at Aqaba, Jordan, northern Red Sea, on patch reefs interspersed with shallow sand flats that became continuous reef slope with distance from shore Dixon et al. 2014) . A study site 1021 m 2 in area (,65 Â 20 m, long axis parallel to shore) at 6-16-m depth was established (29827 0 34.20 00 N, 34858 0 32.16 00 E) because it contained high enough abundances of bulb-tentacle sea anemones E. quadricolor (n ¼ 72 individuals in June 2008) and leathery sea anemones H. crispa (n ¼ 47) for population studies (after Ottaway 1980; Hirose 1985; Hattori 2006) . In June 2008, small buoys were deployed ,1 m above the substrate every 10-15 m around the site periphery; subsequently, the site was mapped to indicate the location of underwater features (reef knolls, distinctive coral colonies) and exhaustively searched for sea anemones. Each sea anemone was marked using an engraved aluminium tag attached to adjacent substratum, and its location added to the site map (after Porat and Chadwick-Furman 2004; Saenz-Agudelo et al. 2011; Hobbs et al. 2013 ). This tagging method was used because it is not yet possible to mark the soft tissues of sea anemones (O'Reilly 2015) on a long-term basis. Anemones can locomote, but in the field most appear to move short distances, if at all (,5 cm every 1-2 years; greatest distances ,1 m; Ottaway 1978; Batchelder and Gonor 1981; Holbrook and Schmitt 2005; Hattori 2006) . During the present study, no anemones were observed to leave their reef holes and move across exposed reef surfaces. Based on their levels of abundance at this site (,1 individual per 10 m 2 for each species), even if individuals moved up to 1-2 m year À1 , it would have been difficult to confuse their identities based on the substrate tags.
For 3-4 weeks each June in 2008, 2009 and 2010, we recorded for each tagged anemone its species, tag number, tentacle crown length (L) and width (W) to the nearest centimetre, as well as the number and body size (total length (TL); cm) of resident two-band anemonefish A. bicinctus. Other recorded characteristics are reported elsewhere Dixon et al. 2014) . The tentacle crown surface area (TCSA) of each anemone was calculated using the equation for an ellipse, as follows:
after Chadwick and Arvedlund (2005) , Hattori (2006) and . The TCSA was used because it correlates significantly with wet mass and other measures of body size in sea anemones (Chadwick-Furman and Spiegel 2000; Chomsky et al. 2004; McVay 2015) , and was the only size parameter that could be measured non-intrusively in the field for these two anemone species, which attach their bases deep into reef holes (Fautin and Allen 1997) . Notes also were made on individual markings (tentacle striations, body colour, column vesicles) to confirm identification during subsequent surveys. Contracted anemones, in which the tentacles and oral disk were not fully expanded, were re-examined during subsequent dives over a 3-to 4-week period each year; if they became fully expanded, TCSA was recorded (after Porat and Chadwick-Furman 2004) . For individuals that remained contracted throughout the 2009 census, body size was interpolated by averaging TCSA from 2008 and 2010 (4.8 and 2.0% of individuals of E. quadricolor and H. crispa respectively). Individuals that remained contracted during more than one census were excluded from body size analyses (2.0 and 0.5% of individuals of E. quadricolor and H. crispa respectively). Each June, the site was searched thoroughly for new anemones, which were tagged, added to the map and the above data recorded.
Demographic modelling
A size-based demographic model (Fig. 1) was used, assigning individuals to size classes based on TCSA: #150 cm 2 (I), 151-300 cm 2 (II) or .300 cm 2 (III). Transition matrices for each species and year were created showing the probability of growth, shrinkage and stasis in each size class; mortality, recruitment and sample size were reported separately from the matrix. Elasticities were calculated using the R package Popbio, ver. 2.4.3 (Free Software Foundation, Boston, MA, USA) (for similar types of matrix analyses of cnidarian populations, see Hughes and Jackson 1985 , Babcock 1991 , Edmunds 2010 , McVay 2015 and O'Reilly and Chadwick 2017 . During the period 2008-09, one E. quadricolor and no H. crispa were excluded from transition analyses due to incomplete data, whereas during 2009-10, two and four individuals were excluded respectively (0-7% of individuals depending on species and year).
We also analysed variation in the number of breeding pairs of anemonefish with the species and size class of host anemone each year. We defined a breeding fish pair as two anemonefish that occupied the same host and were each $6 cm TL (body size at fish maturity; after Fricke 1983; Chadwick and Arvedlund 2005; . Some anemonefish breeding pairs occupied two adjacent anemones and moved between them (,8% of A. bicinctus individuals); in these cases, each fish was assigned to one anemone, with the larger fish paired with the larger anemone of the adjacent pair. Shared fish between two adjacent hosts that constituted a breeding pair were counted as such, but only at the larger anemone where the female fish was assumed to reside and lay her eggs.
Anemone recruitment was assessed by counting new individuals. When anemones could not be relocated near their tags, the areas around the tags were checked at least two to three times on subsequent dives, then the individuals were classified as lost to the population (mortality; after Ottaway 1979; Holbrook and Schmitt 2005; O'Reilly and Chadwick 2017) . Anemones that were classified as dead in 2009 but observed in 2010 (based on size and individual markings from 2008) were assumed to have been completely contracted in their reef holes (Porat and Chadwick-Furman 2004; , and their size in 2009 was interpolated, similar to the process described above for partially contracted anemones (,5% of individuals).
Population turnover rates and times were estimated from patterns of recruitment and mortality (after Diamond 1969; McVay 2015; O'Reilly and Chadwick 2017) . Finite population growth rate (l) and instantaneous rate of increase (r) were calculated based on population sizes (Birch 1948 ; O'Reilly and Chadwick 2017) and not from transition matrices because the effects of fecundity were excluded from the matrices, resulting in potentially misrepresented growth rates.
Statistical analyses
Statistical analyses were conducted using R Stats, ver. 2.0, DescTools, ver. 0.99.16, Car, ver. 2.1-2, and MASS, ver. 7.3-40 (Free Software Foundation). Body size distributions were assessed against exponential or normal distributions using Anderson-Darling tests. G-tests were used to compare proportions of anemonefish breeding pairs among size classes of E. quadricolor hosts. Variation in anemone body size with species and year was analysed using a non-parametric KruskalWallis test with Dunn post hoc comparisons because the data did not conform to assumptions of normality; analysis of variance (ANOVA) was used to assess similar variation in anemonefish sizes, which were normally distributed. G-tests with William's corrections for small sample sizes and post hoc Bonferroni corrections were used to assess patterns of variation with anemone species and year, in anemone abundance, proportion that hosted breeding fish pairs, rates of recruitment, growth, shrinkage, stasis, mortality and turnover times. Differences in growth rate between anemone species were compared using a Wilcoxon rank sum test. A two-way analysis of covariance (ANCOVA) for each year was used to test for effects of anemone species, anemone size and their interaction on anemonefish size. To analyse variation in transition matrix structure with year and species, Pearson's product-moment correlations were used, with significant correlations indicating similarity in the movement of anemones through transition elements. Elasticity matrices used Monte Carlo simulations with 10 000 iterations to determine which transitions made a significantly higher or lower proportional contribution to population growth Fish were significantly more abundant in E. quadricolor (1.16 AE 0.02 fish per anemone; range 1.14-1.17; n ¼ 3 years) than in H. crispa (0.74 AE 0.07 fish per anemone; range 0.68-0.82; paired t-test, t ¼ 7.62, d.f. ¼ 2, P , 0.05). The body size of the largest anemonefish in each host anemone depended on anemone species and body size, with significant interaction effects; during 2008, fish were significantly larger in E. quadricolor (8.0 AE 0.2 cm TL) than in H. crispa (4.5 AE 0.3 cm), but not during subsequent years (Table 1) . Also in 2009, anemonefish size increased significantly with host size in E. quadricolor but not in H. crispa ( Fig. 3; Table 1 ). Significantly more pairs of adult fish resided in E. quadricolor (16-22 pairs depending on year) than in H. crispa (0-3 pairs; paired t-test, t ¼ 5.96, d.f. ¼ 2, P , 0.05). During all years, a significantly higher proportion of large individuals of E. quadricolor contained adult fish pairs ; n ¼ 25) years. For all years and sizes combined, the proportion of individuals that transitioned into a larger size class ranged from 18 to 36%, whereas the proportion that shrank ranged from 5 to 29% (Table 2) , n ¼ 18 and 5 respectively), which was also not significantly different from E. quadricolor (W ¼ 192 and 62, P ¼ 0.32 and 1.00 respectively). The proportion of individuals that grew ranged from 7 to 42%, whereas the proportion that shrank ranged between 12 and 60%, indicating high proportions of non-static polyps relative to E. quadricolor, for some periods and size classes ( Table 2 ). The proportion that remained static ranged from 15 to 50%, which was lower than in all size classes of E. quadricolor during both years (except for medium-sized individuals during Year 2; Table 2 Table 2 . Population transition matrices for giant sea anemones during 2 years on coral reefs in the northern Red Sea, Jordan Stages were determined by anemone body size (tentacle crown surface area, TCSA), where TCSA #150, 151-300 and .300 cm 2 correspond to Stages I, II and III respectively. Columns refer to the proportion of individuals in each size class that transitioned to other size classes (rows) during the transition period. The transition matrices excluded recruitment. The probability of mortality (q x ; the proportion of individuals that died (disappeared)), number of individuals that died (q x N), the number of recruits (R n ) and the total number of anemones (n) are shown for each size class. Overall matrices report the mean AE s. Table 2 ). The rate of annual turnover for individuals was 18.7% during Year 1 (15 died and 12 recruited), then increased to 25.0% during Year 2 (23 died and 11 recruited; 21.9 AE 3.2%, n ¼ 2 years; some polyps excluded due to incomplete data, see Methods). The estimated time for complete turnover (replacement) of all individuals was 5.3 years based on data from Year 1, and only 4.0 years based on Year 2 data (4.7 AE 0.7 years). Polyps of H. crispa similarly experienced high rates of mortality, but these rates did not decrease significantly with body size (G-test; G ¼ 5.00, d.f. ¼ 2, P ¼ 0.08; Table 2 ). Mortality was lower in Year 1 (23.4%, n ¼ 47) than Year 2 (41.2%, n ¼ 51), but not significantly so (
Due to high recruitment rates, annual turnover was higher for H. crispa than for E. quadricolor during both years, at 25.7% for Year 1 (11 died and 15 recruited) and 37.9%, for Year 2 (21 died and 23 recruited; 31.8 AE 6.1%; n ¼ 2 years). Estimated population turnover time was 3.9 years based on data from Year 1, dropping to only 2.6 years based on Year 2 (3.3 AE 0.6 years). Consequently, the rate of individual replacement was significantly more rapid than for E. quadricolor (paired t-test, t ¼ 33.06, d .f. ¼ 1, P , 0.05).
Matrix stability and elasticity
Individuals of E. quadricolor exhibited a stable demographic structure in that their population transition matrices correlated significantly between the two transition years (Pearson's correlation test; t ¼ 2.34, d.f. ¼ 7, P ¼ 0.05, r ¼ 0.66). Stasis of large individuals exerted the most influence on changes in population size during both years, as revealed by significantly higher elasticities than for all other transitions (Monte Carlo simulation; Year 1: P , 0.05; Year 2: P , 0.01). Conversely, shrinkage of medium-sized anemones contributed significantly less to population size change than did all other transitions (Monte Carlo; P ¼ 0.03; Table 3 ).
The demographic structure of H. crispa was less stable than that of E. quadricolor in that transition matrices did not correlate significantly between years (Pearson's correlation; t ¼ 0.28, d.f. ¼ 7, P ¼ 0.79, r ¼ 0.11), and were correlated with that of E. quadricolor only during Year 2 (t ¼ 3.56, d.f. ¼ 7, P , 0.01, r ¼ 0.80) and not Year 1 (
No transitions contributed significantly more or less than the others to population growth during Year 1 (Table 2 ), but during Year 2 the stasis of large individuals was more elastic than all other transitions (Monte Carlo simulation; P , 0.001; Table 3 ).
Discussion
We demonstrate here that clownfish sea anemones in the Jordanian Red Sea appear to be stable in both population size and structure, but experience a high turnover of individuals. The stasis of large individuals contributed the most to population growth in both species examined, indicating the importance of this life history stage to species conservation. Leathery anemones H. crispa were more dynamic than bulb-tentacle anemones E. quadricolor, possibly due to their hosting smaller anemonefish and thus receiving fewer mutualistic benefits to enhance the survival and retention of individuals (for a review, see Frisch et al. 2016) .
The population turnover times estimated here of only ,3-5 years are similar to those recorded for the same species on nearby reefs in Israel (McVay 2015) . They are surprisingly short for such large-bodied organisms, and are among the briefest known for coral reef cnidarians. Some large-polyped solitary reef corals have turnover times of ,6 years in the Red Sea (Chadwick-Furman et al. 2000a) , and some foliaceous corals have turnover times of only 3-6 years on Jamaican reefs (Hughes and Jackson 1985) , but many other reef corals experience colony turnover times in the order of several decades or longer (Hughes and Jackson 1985; Babcock 1991; Guzner et al. 2007) . The only known coral reef cnidarians with more rapid population turnover are large sea anemones in the Caribbean Sea, where individuals of Bartholomea annulata live for only ,0.5-1.5 years and apparently senesce near the end of their lifespans (O'Reilly and Chadwick 2017) .
The short lifespans of these host anemones may affect their resident anemonefish, some of which apparently can to live up to 30 years in the wild (Buston and Garcia 2007) . Anemonefish may need to migrate among hosts during their lifetimes, and will do so when space becomes available nearby . Consequently, to attain long lifespans, some anemonefish may require the presence of multiple anemone hosts within a radius of 20-30 m (Moyer 1980) or a density of at least ,0.01 anemones per 10 m 2 of reef area. Because fish breeding pairs almost exclusively inhabit large hosts, which are rare in the Table 3 . Elasticity matrices for giant sea anemones from annual population transitions during 2008-10, and overall mean values from the two annual time steps (see Table 2 ) Transitions with high elasticity values during each time step correspond to the transitions that had the greatest effects on intrinsic rates of population growth. Bold elasticities had a significantly higher or lower influence on proportional changes to the population growth rate than did other elasticities within each matrix, based on Monte Carlo simulations using 10 000 iterations. Stages I, II and III represent sea anemone body sizes in tentacle crown surface area of #150, 151-300 and .300 cm 2 respectively 2008-09  2009-10  Overall   I  II  III  I  II  III  I  II stable anemone populations observed here, a total population abundance of .0.05 anemones per 10 m 2 would allow large adult fish to transfer to suitable new anemone hosts when their old ones die. Anemones occur at these abundances on the Jordanian reefs examined here, but not on some reefs in nearby Israel (McVay 2015) or Egypt (Chadwick and Arvedlund 2005) . Thus, anemonefish may face constricted lifespans due to host turnover, especially in areas with low and declining host abundance (Hattori 2002; McVay 2015) . The Allee effect also likely affects anemones at low abundance, preventing them from effectively producing larval propagules for local recruitment due to the greatly reduced fertilisation success of widely spaced broadcast spawners (Courchamp et al. 1999; Gascoigne and Lipcius 2004; Frisch et al. 2016) .
Elasticity values for these populations highlight the importance of stasis in large individuals, a pattern also known for other indeterminately growing invertebrates and fish (Birkeland and Dayton 2005; Edmunds 2010 ). Large sea anemones contribute relatively high fecundity and potential future recruits compared with small ones (Dunn 1977; Jennison 1981; Sebens 1981; Hunter 1984; Bucklin 1987) . In addition to producing greater gamete output than smaller individuals (Chadwick-Furman et al. 2000b; Birkeland and Dayton 2005) , large anemones exhibit low probabilities of mortality relative to small ones (O'Reilly and Chadwick 2017). Consequently, the relatively low mortality and high fecundity of large host anemones allows them to create a 'storage effect' in which fecund, long-lived individuals may buffer populations during periods of low recruitment (Warner and Chesson 1985) . Large individuals of E. quadricolor also host more breeding anemonefish pairs than do small individuals, so are critically important to the larval output and replenishment of the anemonefish upon which they rely for survival .
Differences in anemonefish preference between these two host species ) may partially explain variation in the host population dynamics. Large anemonefish occupy large anemones (Mitchell and Dill 2005) only in the preferred host, E. quadricolor, resulting in the less-preferred H. crispa likely receiving lower levels of mutualistic benefits in the form of ventilation services (Szczebak et al. 2013) , nutrition (Roopin and Chadwick 2009; Cleveland et al. 2011) and protection (Godwin and Fautin 1992; Porat and Chadwick-Furman 2004; Frisch et al. 2016 ) from their smaller fish. This dearth of mutualistic benefits could explain the relatively rapid turnover and small body size of H. crispa also observed on Israeli reefs (McVay 2015) . Individuals of H. crispa appear to compensate through more frequent reproduction and the release of larger numbers of propagules each year (Scott and Harrison 2007a) , which may boost their recruitment rates relative to E. quadricolor. In contrast, the relatively greater mutualistic benefits provided by resident fish to E. quadricolor appear to allow them to buffer periods of stress through a 'storage effect' (Warner and Chesson 1985) , leading to their relatively low probabilities of body size shrinkage compared with H. crispa.
The Jordanian populations of these anemones examined in the present study exhibit high recruitment, low mortality and less chaotic patterns of size class transitions relative to anemones in Israel located on reefs only 8 km away; this contrast may be due to differences in both anthropogenic and natural environmental factors affecting these reef areas (Guzner et al. 2007; Portman 2007; Abu-Hilal and Al-Najjar 2009; Shlesinger and Loya 2016) . Reefs inside marine reserves that contain stable and abundant populations of giant sea anemones, such as those examined in the present study, can potentially contribute to the replenishment of populations in surrounding areas ('spill-over effects'; Planes et al. 2009 ), in that they benefit both the recruitment (Mumby et al. 2007 ) and recovery of nearby populations (Mumby and Harborne 2010) . Marine reserves also provide a source of anemonefish recruits to anemones outside the protected area (Planes et al. 2009; Bonin et al. 2016) , which could contribute to mitigating declines in nearby anemone populations.
The results of the present study indicate that anemonefishanemone mutualistic networks should be managed as single units, rather than as separate species of just anemonefish or just anemones. Positive feedback loops of benefits in this network (Verde et al. 2015; Frisch et al. 2016) mean that changes in the body size of host sea anemones must be considered when managing anemonefish populations, and vice versa. Individuals of H. crispa are important to anemonefish lifecycles in that they provide nursery habitat and reservoirs for fish migration to nearby vacant E. quadricolor . In areas where anemones and anemonefish are harvested, limits on the collection of large individuals would support relatively high reproductive output and lower turnover in order to stabilise and maintain this mutualistic association. Further studies to assess the natural survival and turnover rates of anemones that host anemonefish in other areas of the Indo-Pacific would aid managers in selecting reserve areas where these anemones naturally thrive.
